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Currently we are in a time where all equipment have to be tested for different cir-
cumstances. For example, if you take a laptop the extreme conditions in which it 
functions properly need to be known. These extreme conditions could be high 
temperature and humidity or low temperature and humidity. To test any equip-
ment like a phone, a laptop or any device, a temperature and humidity chamber is 
needed.  
 
In this thesis the communication between a control box and a main PC was stud-
ied. All the command bits sent from both directions were well documented. This 
communication happened through a RS-232 DB-9 cable and had its own commu-
nication protocols. In addition, a remote system in which the operator could moni-
tor the chamber remotely was essential, hence, this thesis covers two software ap-
plications in which one reads the temperature and humidity values which are ex-
changed between the main PC and the control box and displays those values in a 
graph. The other one is for the outside sensor, DS18B20, which is connected to 
the GPIO’s of the Raspberry Pi and records the values in to a database and dis-
plays those values using a web page.  
 
This experiment was done by using a Temperature and Humidity Chamber (EUT), 
RS-232 cable, Raspberry Pi, a DS18B20 temperature sensor and also by using the 
Linux operating system. 
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1  INTRODUCTION 
The main contents of the introduction is the structure of this thesis, the objective 
of the project and an explanation why the client wants this thesis.   
1.1 Structure of the Thesis 
This project is to develop a web based application to remotely monitor the Tem-
perature and Humidity chamber at Technobothnia Electrical Department. EUT 
chamber is used to test various equipment based on the given program testing pa-
rameters. There are temperature and humidity sensors residing inside the chamber 
and the sensors are controlled by a PC software program.  
1.2 Objective of the Project 
This project has several phases, the first phase is the sniffing of the RS-232 com-
munication between the main PC and the internal control box. The second phase 
is testing temperature and humidity sensors by remote monitoring using Raspber-
ry Pi. Then a Python program which shows temperature and humidity as a func-
tion of time using graph will be implemented. The program has two main parts, 
one of them will record the temperature values from the internal sensor and save 
the data in the database of a particular file in Raspberry Pi, while the other pro-
gram will display the values on to a web page of a remote computer or a laptop. 
The application could be installed in the Raspberry Pi and remote monitoring 
could be established using LAN.  
1.3 Benefits of the Project 
Working design of the project can be used in customer service; Electrical Depart-
ment in Technobothnia. When various test are made in the chamber the inspector 
can remotely monitor the results from anywhere. The project work design is given 
in Figure 1.   
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Figure 1  Main diagram of the project design (Technobothnia Electrical Depart-
ment) 
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2 BACKGROUND 
This chapter discusses the different equipment used in the project, the technolo-
gies used and briefly point out the main working designs of the project. 
2.1 Raspberry Pi  
Raspberry Pi is a credit card sized single board computer developed in the UK by 
Raspberry Pi Foundation. 
2.1.1 History of Raspberry Pi 
Rasberry Pi Foundation was established in 2006 by Eben Upton, Rob Mullins, 
Jack Lang and Alan Mycroft based at the University of Cambridge’s computer 
laboratory. The new Raspberry Pi model B+ was used in this project and it has an 
ARM 1176J2F-S 700 MHz processor. It supports different operating systems such 
as Linux (Debian), and RISC OS (Raspberry Pi Foundation).  
 
 Figure 2 Raspberry Pi Model B+ 512 MB (Linux User and Developer) 
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2.1.2 Hardware and Software Specifications of Raspberry Pi 
 
Figure 3 Hardware and Software specification of Raspberry Pi model B+(GE 
Tech) 
2.1.3 Raspberry Pi GPIO’s 
Pins are physical interfaces between Pi and the outside world, in this project the 
pins are used as input/output device for DS18B20 sensors. As shown in Figure 3, 
this model of Raspberry Pi has 40 pins. You can program the pins and communi-
cate with the outside world. Inputs do not have to come from a physical switch, it 
could be input from a sensor or a signal from another computer or a device. The 
output can also do anything, from turning a LED on to sending a signal or data to 
another device. If the RPi is on a network, you can control devices that are at-
tached to it.  
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Figure 4 GPIO layout of model B+ RPi (Raspberry Pi Foundation)  
 
2.2 RS-232 Serial Adapter 
One of the universal parts of the PC is the serial port. The serial port is used to 
connect a mouse, a printer, a USB, and many other possible devices.  
2.2.1 Introduction 
Serial communication is a process of sending data bits by bits through a channel 
or devices. There are two types of serial communication, asynchronous and syn-
chronous communication. In this project we have used the DB-9 RS-232 cable 
and USB to RS232 converter cable are used as shown in Figure 4. 
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Figure 5 RS-232 to USB Converter (Technobothnia Electrical Department) 
 
Table 1 Shows Pin Configuration of RS-232 Cable (Zytrax Info) 
 
9-Pin Pin Definition Direction(PC view) 
1 DCD Data Carrier Detect Input 
2 Rx Receive Data Input 
3 Tx Transmit Data Output 
4 DTR Data Terminal Ready Output 
5 GND Signal Ground - 
6 DSR Data Set Ready Input 
7 RTS Request to Send Output 
8 CTS Clear to Send Input 
9 RI Ring Indicator Input 
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Figure 6 The view of connector pins (Zytrax Info) 
2.2.2 Asynchronous Communication 
In asynchronous communication, the interface does not include a clock line. In-
stead each computer or device provide its own clock as a time reference. In this 
project asynchronous communication is established by using a RS-232 cable be-
tween the main PC and the control box. The computers must agree on a clock fre-
quency, the actual frequency within each computer matched within a few percent. 
A transmitted start bit synchronizes the transmitter’s and receiver’s clocks. 
There are some parameters which both devices should have: 
 Baud Rate: It specifies the rate at which bits are transmitted 
 Data Bits: number of data bits to be transmitted  
 Parity Bit: a bit which checks if the receiver get the right message or not 
        It could be Even, Odd or None 
 Start Bit: The starting bit  
 Stop Bit: the stop bit  
In this project the parameters given below are set between the two devices and the 
Raspberry pi to capture the messages. The configuration is done by following the 
protocols in which the control box and the main PC communicate.  
Baud Rate: 9600, 1 Start bit, No parity, 1 Stop bit 
18 
 
 
 
When a packet of data is sent, it follows the above parameters in which 8 bits of 
data is passed at a time. When a transmission is not sending anything we check if 
the logical state of the wire is “1” or “-15V”. So, when sending a message or 
character the voltage is changed to +15 V indicating the logical state of “0” when 
using RS-232 DB9 cables.  
2.3 EUT Chamber 
EUT chamber is an equipment which is used to test different types of devices. It 
consists of two main sensors that are the temperature and humidity sensors. These 
sensor are used to measure the internal temperature and humidity of the chamber. 
2.3.1 Purpose of Chamber 
The chamber is widely used to test various equipment such as cell phones, lap-
tops, circuits, and electrical cables. The testing procedure is done in the following 
steps. The equipment is placed to the racks of the chamber and a program is set in 
which the test is designed. Most of the time such tests are made to fully under-
stand the working range of an equipment, that is within what range of temperature 
and humidity that particular equipment could work. The chamber used for this 
project is a climate chamber. It is manufactured by FINERO and is shown in Fig-
ure 7. 
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Figure 7 EUT chamber 
 
3 SNIFFING OF RS-232 COMMUNICATION BETWEEN 
OLD PC AND CONTROL BOX 
3.1 Communication Protocols 
This is the first step which was done in order to replace the old monitor from 
chamber. A lot of simulation and data recording was done in order to identify how 
the communication protocols work between the main PC and the control box.  
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Figure 8 The main PC from above is connected to the control box with a black 
cover by using a RS-232 DB-9 Cable 
The communication protocol is defined below, showing what one packet of data 
message could look like: 
 STX ID1 ID2 COMMAND EXT CHKDSK END 
HEX values 02 30 30 message 03 Check sum 0D 
 
Table 2 Communication protocols between main PC and control box 
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STX: it is start bit its hexadecimal value is 02 
ID1: the ID number of the message which is 30 
ID2: The ID number of the message which is 30 
COMMAND: This is the message we sent to the other device 
EXT: End of the text or message 
CHKDSK: check sum where it checks if there is error or not 
END: it is the stop bit 0D 
Hence all the message which is sent from the Main PC to the control box or vice 
versa have the same protocols.   
 
3.2 How to capture of messages made 
Real term software is used for capturing data streams from the old PC to control 
box and vice versa in a Linux machine and Cutecom in Raspberry Pi. This soft-
ware is a terminal program in which two COM ports are opened and capture the 
transmit data bits from main PC to control box and transmit data bits from control 
box to main PC. The captured data bits are either in hexadecimal or ASCII code. 
(Source Forge)  
In Tables 3 and 4, the transmission of the messages from the control box to the 
main PC and vice versa are captured using software tools and then they are stud-
ied thoroughly. 
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Table 3 Transmitted message from the main PC to the Control Box 
 
Table 4 Transmitted messages from Control Box to main PC  
In Table 4, the data bits are from the control box. The control box just sends in-
formation based on the request from the main PC. To clarify this the control box 
is used to send three values including the dry temperature, wet temperature, and 
humidity along with the start bit and stop bit.   
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Table 5 Command bits sent by Control Box in ASCII codes 
 
3.3 Interpretation of the Captured Messages 
The communication between main PC and control box is asynchronous communi-
cation in which each character is synchronized. The main focus of this study is on 
the transmitting data bits from the main PC. To accomplish that a video of a test 
program was taken and thoroughly studied. The results showed are based on the 
main changes on the user panel of the chamber. From several data bits, Specific 
data bits are studied. These data bits are responsible for changing the screen or 
panel. The most important things discovered are: 
 Transmitted data bits changed when changes occur on the panel  
 Active devices changing on the user panel of chamber  
 Changes on the Temperature and humidity bar of the user panel of cham-
ber 
One packet of data bits or messages in twenty six hexadecimal numbers were se-
lected from the main PC, the first three HEX numbers start bit, ID1, ID2, and the 
last three hex numbers are labelled EXT, Checksum, and Stop bit. The other mes-
sages in the middle are command bits from the main PC to the control box. Those 
hexadecimal messages are vital for controlling the active devices, temperature and 
humidity bars on the user panel. The hexadecimal packets of data from the main 
PC to control box are denoted as follows: 
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02 30 4F 303030303030303030303030 333030313F3F3F3F 03 7F 0D 
These hexadecimal numbers were changed in to bits in an excel sheet and the 
command bits control which activate devices were identified.  
From the above hexadecimal numbers messages, the first twelve HEX numbers 
from the message are the same to all messages from the main PC give to the con-
trol box. They are just reducing noises. However, the last eight hexadecimal num-
bers are significantly important and determine how the chamber program behaves 
in various parameters like valves, temperature bars, humidity bars, compressors 
are working and shown in the user panel. 
As shown in Table 6, the last eight HEX numbers of the message were changed in 
to binary numbers and then investigated how the active devices reacted to them 
during a test program. The following results from the above experiment were 
identified, the main active devices on the panel are the main screen showing the 
current temperature and humidity in the chamber, the temperature and humidity 
bar, the four valves, the three pressure valves, cooling fan, and the two compres-
sors. 
 
 
Table 6 Transmitted data bits from Main PC to Control Box 
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C1: Compressor 1 
C2: Compressor 2   
V1: Refrigerant loop valve 1 
V2: Refrigerant loop valve 2 
V3: Refrigerant loop valve 3 
V4: Refrigerant loop valve 4 
LNV: Extra cooler gas insertion valve 
T1: Temperature heater 1  
T2: Temperature heater 2 
H1: Number 2 Humidifier Heater            
H2: Number 2 Humidifier Heater       
P1: Number 1 Time Signal 
P2: Number 2 Time Signal 
P3: Number 3 Time Signal 
 
 
For example from one column of the above figure, it can be observed that T2, T1, 
C1, V2/C2, and FAN are the active devices. This implies that the temperature val-
ues are the one which is increase or decrease. Whenever a program is executed the 
PID calculates which devices should be on and which ones to be off. To simplify 
this this active devices determine the target temperature and humidity. From the 
above figure, one can understand those binary numbers which show a bit of 1 are 
considered to be an active device. 
 
As Table 6 demonstrates, when a particular data packets were sent to the control 
box by using hexadecimal or ASCII codes, the result shows which of the active 
devices are selected from the panel. It is shown by pointing a rectangular selector 
on to the active device on the screen. 
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Figure 9 User panel on the screen of the Chamber 
The main PC user panel is shown on Figure 9, it shows the values of temperature 
and humidity. During stand by it shows the current temperature and humidity, 
while running there is already a program to be tested.  
 
4 REMOTE MONITORING USING RASPBERRY PI 
A RS-232 to a USB converter cable is tapped between the main PC and control 
box and a USB cable is plugged to the RPi. Cutecom is used as software to cap-
ture all the readings from the control box and the main PC. (Source Forge). 
4.1 Control Box Reading 
Two COM ports were open from the terminal and started reading the internal 
temperature and humidity values from the control box, capturing transmit messag-
es (Tx) from the control box and the transmit messages from the main PC. 
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Figure 9 Simulation of reading from control box  
Here we have used a QT, which is a cross platform application used for develop-
ing software applications that can be run on various hardware or software envi-
ronments. This experiment was done on a Linux machine, hence there is a need to 
implement this application in to Raspberry Pi.  
5 CONTROL BOX READING USING QT APPLICATION 
A QT platform application to start to listen and display communication between 
the control box and the main PC is used in this project. This application is done in 
a Linux machine by using C++ programming. 
5.1 Programming Flow Chart Reading Control Box Using C++ 
Main Functions: 
ReadSerial function is used to set all the parameters to send or receive any data 
from one device to the other. The following parameters on the main functions are 
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set. This parameters are imported from the QT library and their importance is giv-
en below. 
SetPortName:- there are often two or more serial ports on any computers, hence 
the name of the serial port has to be set in which communication started. This 
method will make sure that the right port is selected. 
SetBaudRate:- is used to control the number of bits transmitted through the medi-
um. It could be selected as 9600/11700. In this program the DCE and the DTE 
should have the same baud rate, otherwise the information could not be correctly 
transmitted as there will be a different timing of the messages. In this program 
both the DTE and DCE are set to be 9600. 
SetDataBits:- is used to determine how many data bits are to be transmitted 
through the media. In the program eight data bits are transmitted at a time. 
SetFlowControls:- this method controls the rate of data transmission between two 
nodes.  
SetParityBits:- is used for error checking, to help detect data corruption during 
transmission. 
SetStopBits:-  one packet of data should have one sop bit.  
 Other Functions: 
ReadSerial: method is used to receive all the data bytes from the control box and 
it splits each data in an order to show the temperature and humidity values. 
Update Temperature: method is used to update the screen when the first bytes of 
data are received on the LCD object. It manages to update the value of the dis-
played temperature values on the lcdNumber object. 
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Update Humidity: method is used to update the screen when the first bytes of 
data are received on the LCD object. It is manages to update the value of the dis-
played humidity values on the lcdNumber object. 
 
 
 
 
 
Figure 10 program flow charts for reading temperature values from control box 
 
30 
 
 
 
 
 
Figure 11 GUI which receives the temperature and humidity  
 
In Figure 10, the user interface for the reading of the control box is given. Every 
time a new value of temperature and humidity is received, it updates the latest 
readings and displays it on the panel. 
 
 
6 TESTING FOR TEMPERATURE AND HUMIDITY BY US-
ING EXTERNAL SENSORS 
In the project external digital temperature sensor DS18B20 was used, it is used to 
measure the temperature values inside the chamber. It is plugged in to the GPIO’s 
of the Raspberry Pi and is shown in the following diagram:  
3.3 V power is connected to the pin 3 of the sensor, the resistor in this setup is 
used as a pull up for the data line, and should be connected between the DQ and 
the VDD line. It ensures that the one wire data line is at a definite logic level, and 
limits interference from the electrical noise if one pin is left floating. 
 
31 
 
DS18B20 Temperature Sensor: 
 Manufacturer: Dallas 
 Manufacturer Part No: DS18B20 
 Programmable resolution 
 1 wire digital thermometer sensor 
 Output type : digital 
 Sensing Temperature: -55*C ~ 125*C 
 Voltage Supply: 3V ~ 5.5V 
 
 
 
 
 
Figure 12 DS18B20 digital Temperature Sensor (Spark Fun Electronics) 
32 
 
 
 
 
 Figure 13 Circuit Diagram for Connection of sensor to GPIO’s of PI (REUK) 
The remote monitoring consists of two parts: a Python script which measures the 
temperature at specific date and time intervals, and the second part is the web 
page which displays the external temperature inside the chamber into a webpage. 
The first script chamber_monitor.py is triggered by a Crontab utility or function. 
It is possible at what year, month, date, hour, or min in which the first Python 
script could be called and executed. The minimum amount of the time interval 
which can be measured is 1 minute or 60 seconds. So, every one minute, it reads 
the temperature from DS18B20 sensor which is connected to the GPIO pins of the 
Raspberry Pi, and it stores the readings in a database. In Raspberry Pi sqlite3 da-
tabase utility have already been installed from the terminal of the RPi. The other 
script, guiSenRead.py executes when it is required by the Apache web server. We 
have also installed the Apache 2 server for Raspberry Pi from the terminal. This 
script queries the database and displays the readings formatted in HTML. The 
temperature values from the chamber are displayed in java script chart generated 
by code from Google charts.    
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6.1 Programming Flow Chart for Reading External Sensor 
The Python program which monitors the external temperature of the chamber by 
plugging the external sensors into the chamber could be designated is shown in 
Figure 14.    
 
Program Starts
Search for a device file
DS18B20 sensor
If search is succesful
Starts Recording the 
Temperature values
In the database
YES
If saved in the Database
Run the program 
From the terminal
YES
Display the values 
recorded on the Terminal
Return None
NO
Retrieves the 
temperature values from 
the database
Displays the values in a 
webpage
If the database file
 exist
YES
Return error message
Display error message
NO
 
 
Figure 14 Program flow chart for reading temperature from external sensor  
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7 CONTROL BOX READING USING PYTHON SCRIPT 
The testing parameters used which are configured in all the programs are the 
same, they are the baud rate, parity bits, start bits, flow control and stop bit. There 
are two Python programs, the first one reads the values of the temperature and 
humidity from the control box and display values when it is run from the terminal 
of the PI. The second script is used to display the readings of chamber as a graph 
in to an apache webserver. In addition, it has a user interface in which one could 
select the time interval of the data. In Figure 15, the algorithm of the program is 
shown in detail. 
7.1 Programming Flow Chart for Reading from Control Box  
 
 
 
Figure 15 Program flow chart for reading temperature from internal sensor 
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Figure 16 Temperature and Humidity versus time graph  
 
 
8 CONCLUSION 
8.1 Review of the Project 
This project was correctly discussed and it has achieved and accomplished the 
primary objective of the work; the establishment of remote monitoring of the 
chamber using Raspberry PI was achieved. To be specific, the user or the chamber 
operator must be able to view, analyze and monitor the program during the pro-
gram execution remotely. The system must be able to generate or draw tempera-
ture and humidity to time function graphs. The user must be able to save the read-
ings to a database and search for values from the database files. Overall this appli-
cation helps the user to thoroughly investigate the temperature and humidity read-
ings changes through graphical presentation when he is at any place or time. He 
can also set a date, time or hour for the sensor to be triggered and start measuring 
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the internal temperature of the chamber when planning the testing equipment. The 
application which was made to measure the external temperature has an operator 
manual. 
 
8.2 Future Improvements 
When doing the project, the temperature sensor DS18B20 was used and it works 
in the range of -50 ºC to +125 ºC on to the GPIO’s of the Raspberry PI. However, 
a humidity sensor within that range was not found. If the humidity sensor is found 
it would be possible to use the same application for attaining the humidity values 
from the chamber. Hence, there is not external humidity sensor tested in the pro-
ject.  
9 ANNEXATION 
In the project four python script programs are used. The program codes are at-
tached below: 
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